Abdul N.H., Rawi Che S.Md., Ahmad A.H., Al-Shami S.A.: Effect of environmental disturbances on Odonata assemblages along a tropical polluted river. Ekológia (Bratislava), Vol. 36, No. 4, p. 388-402, 2017. Odonata larvae have been intensively used as bioindicators for freshwater pollution as their community structure closely follow changes in the environment and habitat settings. In this study, 28 taxa of Odonata larvae were collected from three stations (upper, middle and lower) of a polluted river in Malaysia. The upper river basin receives effluents from an oil palm plantation. However, the middle station is presumably contaminated with anthropogenic wastes. The lower station is found to receive polluted discharges from aquaculture outlet. Several environmental parameters of water and sediment were continuously measured during the study. The water parameters showed no significant differences amongst the three stations. The species richness of Odonata was 22, 24 and 20 in the upper, middle and lower stations, respectively. The abundance of Odonata was significantly different among the studied sites. The tolerant damselfly, Pseudagrion sp. (41.22%), and facultative dragonflies, Onychothemis sp. (17.12%), were the most dominant taxa along the river stations. Onychothemis sp. and Paragomphus capricornis were equally important at the upper station [Important Species Index (ISI) 25.3 and 24.2%, respectively]. Pseudagrion sp. only scored an ISI value of 9.7%. Pseudagrion sp., P. capricornis and Onychothemis sp. were dominant in the middle station (ISI: 41.2%, 25.9% and 10.9% respectively), and Pseudagrion sp., Onychothemis sp. and Prodasineura sp. dominated the areas with dense growth of submerged aquatic weeds Hydrilla sp. in the lower station (ISI: 47.9, 24.5 and 13.8%, respectively). On the basis of the variations in larval abundance and ISI values, microhabitats differences partly in response to different types of pollutions entering the water structured the Odonata communities in this river basin.
Introduction
Aquatic macroinvertebrates are an important component of the food web in tropical aquatic ecosystem (Ridzuan et al., 2017) . Both larvae and adults are predators of smaller macroin- Vol. 36, No. 4, p. 388-402, 2017 DOI:10.1515 /eko-2017 vertebrates and some fingerlings, hence, are important component of the aquatic food chain. Although several orders of aquatic macroinvertebrates inhabit freshwater habitats, two insect orders, Odonata (dragonflies) and Heteroptera (bugs), comprise a large contribution to species richness of aquatic insects in the neotropics and tropics (Jacobsen et al., 2008) . Although of little economic importance, dragonflies have considerable potential as indicator of environmental disturbance in either terrestrial or aquatic habitat (Corbet, 1999; Orr, 2004; Villalobos-Jimenez et al., 2016) .
Odonata have wide distribution and interact with the environmental conditions because they inhabit the sediment and between rocks or leaves and are associated with macrophytes. Macroinvertebrates show different distribution patterns at different spatial and temporal scales (Al-Shami et al., 2013a,b) as well as at different physical and chemical settings (AlShami et al., 2011; Al-Shami et al., 2013a,b; Che Salmah et al., 2013; Al-Shami et al., 2014a; Che Salmah et al., 2014; Martin, Maynou, 2016) . Odonata larvae depend on the characteristic of the aquatic habitat, and hence, they are sensitive to changes in the environmental settings. Therefore, they have been widely used as bioindicators for environmental health and integrity. In aquatic environments, habitat integrity is an important factor structuring the aquatic communities of insects including Odonata (Souza et al., 2015; Martin, Maynou, 2016) . However, different aquatic insects including Odonata develop several physiological and morphological adaptations to encounter the deterioration in the habitat quality (for morphological adaptation, see Al-Shami et al., 2014b) .
Environmental factors such as light, water flow, type of substratum and width and depth of water bodies cause different species of dragonflies to form the communities (Corbet, 1999) . Other important factors are liability to drought and flood, food, competition between inter and intra species, shade and quite importantly the zoogeography. The distribution of Odonata in streams is highly dependent on the particle sizes of the substrate, nature of organic detritus and food availability under different condition (Scheffer et al., 1984; Che Salmah et al., 2005) . In addition, the stream ecosystem is highly influenced by the riparian vegetation, which contributes allochthonous organic matter that forms a large part of the food base (Hynes, 1970; Mitsch, Gosselink, 2000; Wantzen et al., 2008) . According to Souza et al. (2015) , diversity and distribution of Odonata larvae are generally influenced by alteration in the habitat structure. This increases their potential to be applied as indicators for environmental pollution in the aquatic ecosystems (Berquier et al., 2016) .
In this study, communities of Odonata living in differently polluted habitats were investigated to understand the impact of pollution loads on their diversity and abundance. Specifically, the aspects that can indicate alterations such as (i) individual species abundance, (ii) species richness; (iii) species abundance in relation to the Odonata assemblages, (iv) physical integrity of the stream banks and (v) physicochemical water parameters were measured in this study. Although most of the dragonfly species are widespread in polluted and moderately polluted waters, the finding of this study would elucidate the importance of pollution loads and river parameters in regulating the assemblages of Odonata communities in a disturbed river. Species preferring extreme ranges of water parameters would serve as good bioindicators for such river. This biological assessment of water quality would contribute to better understanding of the role of aquatic organisms in the aquatic ecosystems and enhance the conventional approach of chemical water quality monitoring for sustainable management of water resource in the future.
Material and methods

Study site
This study was carried out in a relatively small Serdang River, one of the tributaries of Kerian River basin bordering Kedah and Perak States in the northern Malaysian Peninsula. Three sampling stations were selected based on different human activities in the surrounding areas and source of pollution discharging into the river (Fig. 1) . Water current was relatively fast in all stations. Station 1 is an upper section of the river, which was relatively small (river width ranged from 4 to 5 m), passing through an oil palm plantation. The substrate in this station is sandy, and the water depth was 0.1-0.5 m. Water surface was covered (shaded) with dense canopies of oil palm trees, planted along the stream banks. The river banks were made up of oil palm roots and, in some parts, covered with weeds. Main source of pollutant load came from dissipation of agriculture inputs such as fertiliser, insecticides and herbicides applied regularly to maintain good growth and production of oil palm trees. In station 2, approximately 4 km downstream from station 1, the substrate of the river was sandy and mixed with alluvial soil in some parts. This portion of the river passed through urban and residential areas collecting mainly anthropogenic wastes from both places. The water was shallow and river width ranged from 11 to 12.5 m with a depth of 0.1-0.7 m. The water level occasionally increased to 1.5 m during rainy season. Semi-aquatic weeds grew densely on both sides of the banks and water surface was completely exposed to sunlight. About 1.6 km downwards was station 3. This part of the river received discharge from an aquaculture pond. Both sides of the river banks were covered by semi-aquatic weeds and the substrates supported a dense growth of submerged Hydrilla sp. River size and type of substrate were almost similar to station 2 but the water surface was partly shaded with oil palm leaves from trees planted on one side of the river bank. Fig. 1 . Map of the approximate study sites in Serdang River, Kerian River basin, Malaysia.
Sampling of Odonata larvae
Odonata larvae were collected from July 2008 to August 2009 using a D-pond aquatic net with 40×30 cm frame, 50-cm long net of about 30-µm mesh equipped with a handle of about 1.5 m long. Ten samples were collected from each station monthly. A sample consisted of a meter 2 drag of aquatic net over river substrates or marginal vegetation (Ghani et al., 2016) . The samples were sorted in the laboratory and all specimens were preserved in 75% alcohol. The specimens were identified following the taxonomical keys of Yule and Yong (2004) , Dudgeon (1999) , Morse et al. (1994) , Orr (2005) and Fonseka (2000) .
Measurement of physicochemical parameters and biotic integrity analysis
Selected water and river physicochemical parameters such as pH, dissolved oxygen (DO), water temperature and river width and depth were measured in situ using appropriate metres. The amount of shading and water flow was recorded qualitatively for all sampling stations. Water samples were transferred to the laboratory for analysis of BOD (biochemical oxygen demand), TSS (total suspended solid) and water turbidity. Analyses of the physical characteristic of the sites were carried out according to the Habitat Physical Integrity Score (HPIS) that includes characteristics of the riparian forest, river banks and channel structure presumably related to human disturbances. The score is calculated as the sum of all the element values considered for the assessment (Daniel de paiva Silva et al., 2010, and modified from Nessimian et al., 2008) . The resulted score is inversely related to the physical integrity of the sites.
Statistical analyses
In all statistical tests, a 95% confidence limit was applied except for the correlation coefficients (Pearson r) in which 99 and 95% confident limits were considered. Composition, abundance and homogeneity of species per unit area in all sampling stations were represented by Simpson's Index of Diversity (1-D), Menhinick's Richness Index (R 2 ) and Simpson's Reciprocal or Evenness Index (E = 1/D). Difference in distribution of mean abundances of odonate taxa amongst all sampling stations was calculated using the Kruskal-Wallis test suitable for non-normally distributed data. Species abundance pattern were determined by fitting the data to the log series distribution and evaluated using the standard test of Chi-square goodness of fit. The log series distribution is described by the following equation (Fisher et al., 1943; Magurran, 2004) :
where N is the total number of individuals,
where α is an index diversity. As x often approximates to 1, α represents the number of extremely rare species where only a single individual is expected:
Results
Diverse dragonfly communities were reported from three sampling stations in Serdang River. A total of 5,655 individuals were collected, which were assigned to 8 families and 28 taxa. The zygopteran taxa Pseudagrion sp. was the most abundant (41.22%) and collected in high numbers from all stations. The second species that was predominant in station 1 was Onychothemis sp. (17.12%). Other taxa made up less than 10% of total individuals in all stations. All sampling stations accommodated similar odonate families, but the highest number of individuals and taxa (24) were recorded at station 2. Fewer individuals were collected from station 1 compared to other stations (1131); however, they represented 22 odonate taxa. In station 3, 20 taxa were identified from 2,086 individuals sampled there. Varied number of taxa and individuals recorded in the three stations were at least partly attributed to the variations in river characteristics and pollution loads encountered in each station (Hawking, New, 1999; Norma-Rashid et al., 2001 ). On the basis of the Kruskal-Wallis test, there was a significant difference in the total abundance of dragonflies community at all sampling stations (χ 2 = 31.594, df = 2, p < 0.05).
The distribution and abundance of odonates in Serdang River are presented by using the ISI, which was calculated from relative density and frequency occurrences of the taxa in each station ( Odonates taxa were grouped into three main clusters using the hierarchical clustering analysis based on the similarities amongst clusters (Fig. 2) . Pseudagrion (166.500 ± 35.660, mean ± standard error respectively), Onychothemis (69.143 ± 10.869) and P. capricornis (37.786 ± 6.720) were grouped into one cluster (dominant), indicating tolerant taxa with high abundance in polluted water (Lieftinck, 1954; Orr, 2005; Ngiam, 2009 Vestalis (6.214 ± 0.984), Libellago (37.500 ± 9.131), Trithemis (17.071 ± 4.680), Macromia (19.500 ± 2.563) and Burmagomphus williamsoni (14.429 ± 3.326) were classified as common taxa representing a less-tolerant group (Orr, 2003 (Orr, , 2005 Lok, 2008) . Other taxa with fewer individuals made up a slightly sensitive or rare group because their densities were very low in all stations (Orr, 2005; Norma-Rashid et al., 2008) . These groupings showed that the diversities and abundances of odonate taxa corresponded to the ISI scores calculated for each species, which is given in Table 1 The species-abundance distribution of odonates in all sampling stations in Serdang River fitted to the log series model (Fig. 3) . Species ranks are plotted in sequence from the most to the least abundant along x-axis. The slope of the curves determined the degree of disturbance in each station. Table 2 summarised the species-abundance relationship of Odonata that were fitted into a log series model. The higher value of χ 2 at station 3 indicates higher degree of disturbance at this station compared with other stations, fitted better to log series model. Table 3 summarised the physicochemical parameter of water quality at each station. DO and BOD were much lower in station 3 compared to other stations. The water was more turbid with high content of suspended solid in stations 2 and 3. These two stations also shared similar HPIS (37). High scores of HPIS at all stations indicated that their riparian forests, river banks and structures have been modified or disturbed by human activities. Nevertheless, station 1 that had relatively better water quality with higher DO content and lower TSS and water turbidity than other stations scored higher HPIS (range of scores 12−55) mainly because it was located in an oil palm plantation that categorised it into a very disturbed land use category. Table 4 shows the influence of physicochemical parameters on the abundances of odonate taxa in Serdang River. Most of the water parameters did not or very weakly influence odonate abundances as most r values were less than ± 0.300 (p = 0.05). However, water temperature showed positive correlation with several taxa. In general, within the ranges recorded in the river, the abundances of odonate larvae in all stations were not affected by physicochemical parameters of the water. 
Discussion
The distribution and abundance of aquatic insects such as Odonata in aquatic habitat is very much dependent on their sensitivity to pollution or habitat alteration (Scheffer et al., 1984; Vinson, Hawkins, 1998; Che Salmah et al., 2005; Subramaniam, Sivaramakrishnan, 2005; Milesi et al., 2009) especially to a condition that may affect the pH, DO content, water temperature, turbidity and other water parameter (Ward, Stanford, 1982; Wallace, Anderson, 1996; Connolly et al., 2004; Smith, Lamp, 2008; Walters et al., 2009) . In this study, there was no marked difference in diversity of Odonata distributed along different stretches of Serdang River. However, their abundances differed substantially amongst stations. More individuals were collected in stations 2 and 3 that received anthropogenic waste and aquaculture discharge, respectively, and fewer numbers were collected from station 1 that was situated in an oil palm plantation with only chemical runoff contaminating the water. Oil palm industry is one of the major incomes for economic development in Malaysia since its first commercial planting in 1917. The expansion of oil palm plantation causes forest degradation and loss of biodiversity (Abdullah, Nakagoshi, 2008; Iwata et al., 2003; Che Salmah et al., 2013) especially in wetland areas (Wantzen et al., 2008; Verhoeven, Setter, 2010) . According to Hershey, Lamberti (1998) , increased sedimentation and runoff as a consequence of land clearing decreased detritus input, which resulted in low insect diversity in rivers passing through human-modified riparian land use type. This statement partially explained the lower odonate diversity (22 taxa) recorded in station 1, although the score of Simpson's Diversity Index at this station was higher than the remaining stations. The oil palm trees were almost 20 years old, but during this study, the river received sediments continuously because the river substratum was completely covered with coarse and fine sand and the water depth was low. This kind of substrates in clear running water is preferred by some gomphids (Kalnins, 2006) such as Megalogomphus (only found at this station); hence, more gomphid taxa of relatively higher abundances were recorded at this station.
The use of chemicals (pesticides and fertilizers) in agricultural lands may affect the water quality of the surrounding water bodies. After herbicide applications, plant death and decay change the water chemistry and oxygen levels and cause loss of habitats, breeding sites and food supply (Mason, 1981) . Macrophytes, semi-aquatic plants and non-target organisms such as sensitive dragonflies disappear when lethal concentration is sufficient to cause direct mortality. Sublethal effect includes changing in behaviour and physiological activity of the macroinvertebrates such as reproduction, maturation and morphological changes or deformities (Simpson, Roger, 1995; Al-Shami et al., 2010) .
Usually pesticides were excessively used in oil palm plantations to increase fruit harvests. Leachates of regularly used pesticides (and fertilizers) in this plantation flowed into the river when it rained. Evidently, at station 1, only few grasses and sparsely scattered shrubs were left around the study area. Facultative anisopteran such as Onychothemis sp. was more adaptive in station 1, clinging on roots of oil palm trees at or around the banks. The zygopterans prefer semiaquatic weeds for resting or as refuges. Disappearance of these habitats reduced the populations of Zygoptera at this station. Furthermore, the water surface was completely shaded by dense canopy of Elaeis guineensis, limiting the penetration of the light into the water. Low input of light decreases primary production in the water, which subsequently decreases the benthic secondary productions (Davies et al., 2008 , Che Salmah et al., 2012 . Most of the taxa collected at this station were those of shade-loving Odonata.
Stations 2 and 3 shared almost similar river physical characteristics, although the water quality differed substantially at times because of different pollution loading at both stations. Their water was sometimes yellowish and murky with unpleasant smells. Sediment loads and anthropogenic effect from aquaculture activities and urbanisation polluted the water considerably, causing more habitat disturbance that restricted the distribution of some dragonfly taxa. However, facultative and tolerant dragonflies preferred these two stations possibly because of food availability and suitability of microhabitats provided by semi-aquatic weed and submerged plant along the river margins. Microhabitat with many types of vegetation support higher diversity and distribution of Odonata (Wazhizatul-Afzan et al., 2006; Hornung, Rice, 2003) .
In station 2, marginal and riparian vegetations that consist of mixed grasses, sparse growth of pioneer trees and shrubs appear to significantly reduce the effect of deforestation caused by expansion of urbanisation on odonates community (Lorion, Kennedy, 2009 ). The marginal plants specifically provided suitable perching and mating sites for the dragonflies that lead to larger population at this station. Adult Odonata are visually oriented hunters with extremely acute eyesight. Many are strong fliers, and most of them prefer open and half-shaded area. According to Kalkman et al. (2008) , open landscapes are generally better for tropical species to colonise new habitats and these dragonflies seem to be less influenced by habitat modification. They can recolonise impacted areas in the presence of good growth of riparian vegetations. As station 2 met this habitat quality, more individuals from various taxa were collected from this station.
Enriched water from urbanisation waste also provided food source for primary prey of odonates, Chironomus sp. (Diptera: Chironomidae) and nutrients for the weeds. Decomposition of organic matters, for example, fallen leaves and also food waste from residential areas increased soft sediments, which was favourable to this dipteran (Hawtin, 1998) . In the presence of dense growth of weeds, the population of dragonfly especially tolerant genus Pseudagrion surged at this station. In addition, allochthonous detritus from the riparian area provide important source of food and habitat for macroinvertebrates (Allan, 1995; Polis et al., 1997) , including dragonflies, which contributes to increased diversity of invertebrates in the ecosystem.
Discharge from aquaculture project adversely affected the diversity of intolerant aquatic macroinvertebrates through increased nutrient and solid loads (Viadero et al., 2005; Buzby et al., 2007) . In contrary, higher concentration of basic nutrients enables huge growth of moss, algae and a specific community of macroinvertebrates (Helesic et al., 1998) . More tolerant taxa (mainly zygopterans) inhabited station 3. Anisopterans such as libellulids and cordulids were equally distributed in this station compared to other stations but lesser gomphids were collected. Poor substrates of sandy and muddy bottom, which comprised of alluvial soil and pollutants, made it unsuitable for sand dwelling gomphids. In addition, excessive nutrients resulted in healthy growth of submerged Hydrilla sp. that covered substantial areas of the substrate surface and supported high diversity and abundance of climbing and crawling dragonflies such as libellulids and coenagrionids. According to Savino, Stein (1982) , Schramm et al. (1987) and Colon-Gaud et al. (2004) , macroinvertebrates densities including Odonata would be higher in area covered by Hydrilla because of higher stem and canopy densities that provide ample refuges from fish predation. On the other hand, enriched water, such as observed at this station, lead to high TSS content and high water turbidity, limiting light penetration (Davies et al., 2008) and photosynthetic activity of primary producers (Lewis, 2008) . Low primary production can only support low number of secondary consum-ers such as dragonflies. In Table 2 , negative impact of turbidity was evident for six odonate taxa in station 3.
Shading by riparian canopy cover can significantly suppress or reduce primary production in streams (Spanhoff, 2005) . Early studies suggest that many odonate species avoided shaded areas because shaded vegetation produces variation of microclimates and reduces habitat selection of Trithemis (Libellulidae) adults (Remsburg et al., 2008) . In Serdang river, Aciagrion and Crocothemis seemed to display similar behaviour as observed in Trithemis (Remsburg et al., 2008) and chose to perch in wide open area with short vegetation in station 2. Furthermore, open areas encourage an extreme proliferation of algal growth and increased water temperature. Higher temperatures can force earlier emergence of aquatic insect larvae by accelerating their development (Vannote, Sweeney, 1980) and thus result in high population abundance. In contrast, in this study, larvae of Onychothemis displayed a preference for shaded area because many larvae were collected from completely or partially shaded habitats especially in station 3. In station 2, Onychothemis was collected in very low abundance.
Besides the influence of environmental variations on each station, differences in diversity, abundance and distribution of larval odonates along Serdang River could be influenced by a prey-predator relationship. Aquatic macroinvertebrates are important food source for stream fishes, and insects are common in diet of many fishes next to small crustaceans (Winemiller et al., 2008) . Pierce et al. (1985) showed that Enallagma (Coenagrionidae) population was reduced in the presence of bluegills fish. In the Serdang River, station 1 was presumably free of fish because this part of the river was narrow and the water was shallow, unsuitable for fish. The distributions of dragonfly larvae in station 1 were most likely regulated by the water quality and river physical characteristic as well as food and habitat availability. Some fishes such as omnivorous catfish and Tilapia sp. could inhabit station 3. However, these fish are herbivores during most part of their lives. Very few fish was observed in station 2.
The abundance of odonate larvae in Serdang River fitted the log series model. The fit to this model is interpreted as a result of domination of certain taxa on resource availability in that area. Steep plots of rank/abundance plot signify assemblages with high dominance of limited taxa approaching geometric and log series distribution (Magurran, 2004) , which allows the comparison of different animal assemblages between study areas (Fisher et al., 1943) . The α value of the log series distribution model represents the number of extremely rare species such as only single individual is expected. In station 3, higher proportions of resources were monopolised by Pseudagrion because almost half of the odonates population was contributed by this genus. The lowest α value calculated for the dragonfly community at this station implied low numbers of rare species expected in station 3 with the consequence of lower species richness. Similar distribution pattern can also be seen in station 2 because of the dominance of Pseudagrion but less steep curve in station 1 indicated that resources were better distributed amongst more than 1 dominant species (e.g. P. capricornis and Onychothemis). The result from Death (1996) also supports this finding that disturbed and unstable sites would have less equitable species abundance distributions, strongly dominated by one or two species and would be modelled best by geometric or log series distribution model. The log series distribution model also indicated that the population of Odonata in this environment would diminish once the resources available reach quantities lower than the minimum required for maintaining the population (Daniel de paiva Silva et al., 2010) . This type of distribution usually reflects the area with slightly polluted to moderately polluted river.
Conclusion
As a summary, the assemblages of dragonflies in various stations along Serdang River were not directly influenced by the pollution discharged into each station but were more regulated by the changes in microhabitats that subsequently influenced the structures of the community in each station. Habitat preferences of some taxa were clearly observable, hence, predicting the community assemblages in relation to the types of pollution received in the river.
